Dark reversion of the far red-absorbing form of phytochrome, which does not occur in dry lettuce (Lactuca sativa var. Grand Rapids) seeds, appears to take place in seeds stored in a water-saturated atmosphere. The water content (approximately 70% after 10 days) of such seeds is insufficient to support germination; however the treatment enhances germination in seeds stored for 1 to 5 days, but this enhancement subsequently disappears, and the effect of extended storage (up The final step for each treatment program (Fig. 1) was to transfer the seeds to 5-cm Petri dishes containing two layers of 5.5 cm Whatman No. 1 filter paper. Distilled H,O (1.5 ml) was added, the dishes covered, then placed into light-tight boxes in a Percival Model ILL36 incubator. After the indicated germination periods, the dishes were removed and germination counts were recorded.
nation in seeds stored for 1 to 5 days, but this enhancement subsequently disappears, and the effect of extended storage (up to 28 days) is inhibiting. The half-time for dark far red. absorbing phytochrome reversion is 7 to 8 days, and at this time it can be completely reversed by exposing the seeds to a flash of red light. Storage of more than 7 to 8 days decreases red light enhancement of germination.
That seed water content has a strong influence on the germination of lettuce seeds in response to light has long been known (5, 6) . Latent phytochrome-mediated germination responses can persist indefinitely if seed water content is sufficiently low. At water content of 7% or less, seeds may be stored in darkness for a year or more without any functionally apparent dark reversion of the far red-absorbing form of phytochrome to its red-absorbing form (10) . This observation contrasts with dark Pfr Pr transformations reported in vegetative plant tissues (4, 8) and in vitro (1, 3, 9) . Presumably dark reversion (as well as phototransformation) occurs only when the phytochrome system is sufficiently hydrated 
RESULTS
Seed water increased with time in the water-saturated atmosphere ( Fig. 2) . Water uptake by the seeds was essentially saturated in 7 or 8 days at approximately 70% water content;
however, only about a day was required to reach half-saturation. Seeds imbibed directly in distilled water reach approximately 40% water content in 1 hr (7) . Figure 3 shows the effect of storage for up to 28 days in a saturated atmosphere (DMS2) on subsequent 24-hr germination Prior to the initial irradiation (when given) seed water content was increased to approximately 15% by 2 hr of incubation in a water-saturated atmosphere. Some seeds were then given a second irradiation and immediately transferred to distilled water in Petri dishes for germination tests, other seeds were maintained for 1-to 28-day periods in the saturated atmosphere, then given a terminal irradiation immediately prior to transfer into Petri dishes for germination tests. Unirradiated controls were treated in the same fashion except that either the initial, the terminal or both irradiations were deleted. 5 after 7 days, initially far red-treated seeds receiving terminal red light (FR + DMS + R) germinated more than 80%. After 2 days of storage, germination by seeds receiving no light was not significantly higher than that of seeds given terminal far red light. Seeds receiving initial red light only (R + DMS) lost about half their capacity to germinate in 8 days.
A short term effect of DMS was to accelerate germination in seeds receiving initial or terminal red light (Fig. 4) . With 3 days of storage most of the seeds given initial and terminal red light (R + DMS + R) germinated within 12 hr. The over-all order of this enhancement is R + DMS + R, R + DMS, FR + DMS + R, R + DMS + FR. After a few more days of storage, the enhancement disappeared.
Inhibition induced by prolonged storage can be reversed to a large extent by terminal red light ( Fig. 3 and 5 Figure 6 with the 11 day FR only curve.
DISCUSSION
The treatment used in these experiments appears to have achieved the desired end of attaining seed hydration levels high enough to permit the phototransformation of phytochrome and reversion in darkness of the enhancement of germination usually attributed to the functioning of Pfr (2) . No seeds completed germination according to our criteria without 12 hr or more imbibition following dark storage. Although in itself never resulting in germination, the effect of DMS on germination is probably not entirely attributable to the func- tioning of the phytochrome system. A qualitative consideration of the separation of nonphytochrome-mediated effects from phytochrome-related effects is presented below. DMS alone can stimulate germination regardless of light treatment (Fig. 4) . Maximum stimulation occurred with 2 or 3 days of storage regardless of the light treatments given. The effect was most pronounced in seeds receiving both initial and terminal red light. Figure 2 shows that after 3 days of storage seed water content is around 50%. Germination stimulation during storage may result from endogenous processes which are initiated by hydration and are unrelated to the phytochrome system. This takes place when stored seeds receiving initial far red and terminal red light tend to germinate more rapidly than unstored seeds, even though the far red treatment reduced the effect, compared to seeds receiving initial red or no initial light. Red light before and after 3 days of storage appeared to act synergistically with the storage treatment. It is difficult to interpret this short term increase of readiness to germinate as an indication that germination has already begun in the seeds so treated, because the enhancement of germination disappears after 7 or 8 days of storage and tends to be reversed by terminal far red light (see Figs. 3-5) .
Clearly, some of the data obtained from the experiments reported here may be interpreted as the effect of the dark reversion of Pfr to Pr. Examination of the curve representing initial red irradiation in Figure 3 suggests a first order decay of Figure 3 . Such responses appear to represent a physiological manifestation of dark Pfr reversion, but with a much longer half-time than that of previous germination or spectral determinations (9) .
The general effect of prolonged (>7 days) dark storage was to decrease germination regardless of light treatments (Figs. 3,  4 , and 6). After 7 days storage few seeds receiving only initial far red, terminal far red, or no light germinated, even if the imbibition period was extended to as long as 48 hr (Fig. 5) . This inhibition of germination could be reversed almost entirely by terminal red irradiation after up to 7 days of storage (Fig. 5) , and to a large extent, even after 28 days of storage (Fig. 6) . Increased imbibition times were required to obtain germination percentages after 11 days comparable to those obtained after shorter storage intervals (Fig. 6) . Part of the loss in germination capacity of the seeds stored for the longer (Figs. 4-6 ). Imbibition time, extended to 24 hr, resulted in the germination of about 60% (Fig. 3) . However, the effect of prolonged storage on the seeds is to depress the capacity of far red-irradiated seeds to germinate even during an extended imbibition period (see FR (Fig. 6 ). It appears as though prolonged moist storage has the effect of converting seeds from what might be termed facultative light sensitivity to an obligate condition. Also, phototransformation with far red light appears to be much more effective in retarding germination after a few days of storage than it is in unstored seeds.
Some of the effects of prolonged moist storage of the seeds are probably not directly related to the functioning of the phytochrome system. Of these effects two are readily apparent; namely, the increased germination readiness of seeds stored for a relatively few days, and the general loss of germination capacity of seeds stored for more than 7 or 8 days. However, part of the second effect may result from increased effectiveness of Pr, whether arising from dark Pfr reversion or phototransformation by far red light, in retarding germination. The indication is clear, however, that dark reversion of Pfr takes place in lettuce seeds subjected to moist storage and that this reversion is expressed in terms of a photoreversible decrease in germination.
